Objectives: The aim of the study was to examine whether administration of tadalafi l, a phosphodiesterase type 5 inhibitor, has a protective effect in the prevention of renal injury in a rat model after Shock Wave Lithotripsy (SWL), with the assessment based on histopathologic examination and measurement of Heat Shock Protein 70 expression. Methods: A total of 40 adult, male Sprague-Dawley rats were divided into fi ve groups as follows; control group, group SN3, group SN7, group TSN3, TSN7. Both kidneys were evaluated regarding tubular damage, peritubular fi brosis and glomerular damage using light microscopy. We examined HSP-70 expression, which occurred in response to renal ischemic injury observed after SWL. The groups were compared between each other and with the control group. Results: No statistically signifi cant difference was found when the groups were compared using light microscopy for the changes in glomeruli. Tubular necrosis, loss of microvilli and peritubular fi brosis were less in Group TSN3 and Group TSN7 compared to Group SN3. Similarly, tubular necrosis, loss of microvilli and peritubular fi brosis were less in Group TSN3 and Group TSN7 compared to Group SN7. HSP-70 staining was less in Group TSN3 and Group TSN7 compared to Group SN3 and Group SN7. Conclusion: Based on the results of light microscopy and HSP-70 staining, we demonstrated that SWL could cause renal ischemia-reperfusion injury. Our results suggested that Tadalafi l administration could prevent this SWL-related renal cell injury (Tab. 2, Fig. 5, Ref. 28). Text in PDF www.elis.sk.
Shockwave lithotripsy (SWL) has been proven to be an effective method in the management of urinary stone disease (1) . However clinical and experimental studies have demonstrated that renal and extrarenal side effects can occur as a consequence of SWL (2) . The possible cause of alterations in kidney is due to renal vasoconstriction and intraparenchymal bleeding that occurs in kidneys after SWL. Hypoxic tissue can be seen around sites of intraparenchymal bleeding (3) . These fi ndings suggest that oxidative stress mediated by ischemia-reperfusion (IR) might contribute to renal injury subsequently to SWL (3) . Heat shock protein 70 (HSP 70) is an intracellular stress protein that was originally found to accumulate in cells after thermal stress, oxidative stress, infection, heavy metals, atherosclerosis, congestive heart failure, malignant, autoimmune diseases and radiation (4) . Tadalafi l (Td) is a class of mild vasoactive drugs developed for the treatment of erectile dysfunction (ED). It has a different chemical structure from sildenafi l and vardenafi l with a mean time to maximum plasma concentration of 2 h which is two times longer than other molecules (5, 6) . These advanced features make this molecule a good option in the regulation of decreased vascular resistance and ischemia. It has been demonstrated that Td administration as a single dose, prior to renal I/R injury, attenuated these morphological disarrangements which were observed in renal I/R (7). Our study aimed to assess renal trauma and infl ammation after SWL by measuring renal parenchymal levels of HSP-70 expression and performing a histopathological examination. In addition we examined the preventive effect of Td for the renal I/R injury in a rat model.
Methods
All experiments in this study were performed in accordance with the guidelines for animal research from the National Institutes of Health and were approved by our university Animal Ethics Committee (2010-01/03).
Experimental groups
Male Sprague-Dawley rats weighing 250-300 g were randomly divided into fi ve groups each with eight animals. The rats were anesthetized with 1 mg/kg intramuscular injection of ketamine HCl and xylazine HCl (10 mg/kg). All rats underwent laparotomy. An upper abdominal midline incision was made, in which two hemoclips were placed in the perirenal adipose tissue of both sides. SWL was given to all rats by focusing on the hemoclips except the control group. Td was dissolved in saline solution and given as a single dose (1 mg/kg) through an orogastric tube 150 minutes before the SWL in the Td pretreatment groups. The number of shock waves given was 1,500 SW per session and the energy setting was 14 kV using Multimed Classic 2006, ELMED, Ankara/ Turkey. All rats underwent bilateral nephrectomy.
In the control group, bilateral nephrectomy was performed 24 hours after laparotomy. Animals in Group SN3 (SWL + nephrectomy at day 3), underwent bilateral nephrectomy 3 days after SWL. In Group SN7 (SWL + nephrectomy at day 7), bilateral nephrectomy was performed 7 days after SWL. In Group TSN3 (Td followed by SWL + nephrectomy at day 3), rats were given Td before SWL and 3 days later they underwent bilateral nephrectomy. In Group TSN7 (Td followed by SWL + nephrectomy at day 7), rats were given Td before SWL and 7 days later they underwent bilateral nephrectomy.
Histopathological evaluation
Both kidneys were fi xed with formalin, embedded in paraffi n and stained with hematoxylin eosin. All were evaluated by the same pathologist with respect to glomerular, tubular, and interstitial morphology. Sclerosis of glomeruli was noted. About one hundred tubules and 20 glomeruli were evaluated randomly and were scored for each section. The mean score was calculated for each of the fi ve groups. Tubular morphology was determined in four groups as: 0 (normal morphology), 1 (mild brush border abnormality such as fl attening, or irregularity in shape and size of the cells), 2 (moderate brush border abnormality, involving more than 50% of the tubular profi les), 3 (loss of microvilli in the epithelium of whole tubules and tubular necrosis).
For HSP-70 staining, the sections were deparaffi nized in xylene and rehydrated in graded ethanol. The endogenous peroxidase was blocked by incubation in 1 % H 2 O 2 solution in methanol for 5 minutes. The sections were boiled in 10 μM sodium citrate (pH 6.0) for 10 minutes in a microwave oven, and then incubated for 30 minutes at room temperature with the primary antibody (hsp70 Ab.2, Clone W 27; Neo Markers). The reaction was visualized using an LSAB 2 kit and DAB chromogen (DAKO). Sections were then lightly counterstained with hematoxylin. Staining without primary antibody served as negative control. For evaluation of HSP-70 staining cytoplasmic immunoreactivity was accepted positive. Following evaluation of 10 high-power fi elds, the fractions of positive cells were recorded as 0 (negative), 1 (<5 %), 2 (5 % to 50 %), or 3 (>50 %) in tubules and glomeruli.
Statistical analysis was done using the Statistical Package for Social Sciences, ver. 13.0 for Windows, (SPSS, Chicago, IL). χ 2 -test was used for analysis of proportions. The value of p<0.05 was considered statistically signifi cant.
Results
Microscopic evaluation of the Group control revealed a regular morphology of renal parenchyma (Fig. 1) . The kidneys in Group SN3 showed loss of micro-villi in the epithelium of proximal tubules. Tubular necrosis was found in both cortical and medullar regions (Fig. 2) . Enlargement of the interstitiuml was seen as a result of fi brosis. Tubular degeneration was less evident in Group SN7 compared to Group SN3. Necrosis in the tubular epithelium of the cortex and hyaline degeneration in some areas were observed.
Interstitial fi brosis was prominent. In Group TSN3, capillaries in glomeruli and tubular cells have shown normal morphology (Fig.  3) . Interstitial edema was seen, particularly near blood vessels and interstitial fi brosis was mild. In Group TSN7, the kidney preserved the normal morphology, and showed normal morphology of glomeruli and tubular cells. Most of the epithelial cells lining the proximal tubules were preserving microvilli structures. Stasis, congestion and hemorrhage in some sections were found in the medulla (Fig. 4) .
When the groups were compared using light microscope for the changes of glomeruli, no statistically signifi cant difference was found. Renal tubular damage and peritubular fi brosis was significantly increased in Group SN3 and Group SN7 when compared to the control group. Tubular necrosis, loss of microvilli and peritubular fi brosis were less in Group TSN3 and Group TSN7 compared to Group SN3. Similarly tubular necrosis, loss of microvilli and peritubular fi brosis were less in Group TSN3 and Group TSN7 compared to Group SN7 (Tab. 1).
In Group SN3, Group SN7, Group TSN3 and Group TSN7, HSP-70 staining in glomeruli was increased compared to control group but the difference was statistically insignifi cant (Tab. 2). Proximal tubule cells were not stained with HSP-70 in any of the groups. In cortical collector tubules, HSP-70 staining was signifi cantly increased in Group SN3 and Group SN7 when compared to those in the control Group (Fig. 5) . HSP-70 staining was lower in Group TSN3 and Group TSN7 compared to Group SN3. Similarly HSP-70 staining was lower in Group TSN3 and Group TSN7 compared to Group SN7. However, the difference between Group SN3 and Group SN7 was not signifi cant. Also there was no difference between Group TSN3 and Group TSN7 regarding HSP-70 staining (Tab. 2).
In medullar collector tubules, HSP-70 staining was significantly increased in Group SN3 and Group SN7 when compared to those in the control Group. HSP-70 staining was lower in Group TSN3 and Group TSN7 compared to Group SN3. Similarly HSP-70 staining was less in Group TSN3 and Group TSN7 compared to Group SN7. The difference between Group SN3 and Groups 
Discussion
The effects of SWL on renal morphology and renal function have been studied previously (8) (9) (10) . According to these studies, the energy released by shock waves produces cavitations or bubbles that may cause direct injury to the renal vasculature. Vascular injury causes ischemia in renal tissue, which becomes susceptible to free-radical production as reperfusion occurs (11) (12) (13) (14) (15) . The 70-kDa family of heat shock proteins (HSP70) plays a central role in cellular protection (4) . In kidney, the 70-kDa HSP production localizes primarily in renal tubular cells (16) . HSP70 has been associated with cytoprotection in response to several injuries, including oxidative stress, ischemia and nephrotoxicity (17) . In renal epithelial cells exposed to injury, it was reported that changes in protein structure or conformation trigger the increase in HSP70 mRNA (18) .
There are few experimental studies in the literature that report the relation of renal parenchymal heat shock protein 70 (HSP 70) levels and traumatic effects of SWL. While earlier studies focused on oxidative injury to the renal cortex (15), Clark et al showed that acute oxidative stress and infl ammation after SWL are highly localized to the renal medulla within the focus (F2) of the lithotripter (19) . In our study we also observed that cortical and medullar collector tubules were more affected than glomeruli. Sarica et al showed during early follow-up (24 hours) that all kidneys which were treated or untreated with SWL demonstrated moderate to severe HSP-70 positivity. They reported that assessment of tissue HSP70 levels during late follow-up (7 days) demonstrated moderate or limited degrees of positivity in the treated kidneys. Limited or no positivity could be demonstrated in the untreated kidneys during this period (20) . In our study the groups which were treated with SWL and underwent nephrectomy at day 3 and 7 demonstrated no difference regarding HSP70 staining positivity. This fi nding shows that renal injury process still continued during the observation period of our study.
Oxygen-free radical production related to ischemia/reperfusion after SWL is believed to contribute to parenchymal damage via lipid peroxidation and the disruption of cellular and mitochondrial membranes, and cellular damage (21) . There is evidence that biological responses triggered by oxidative products are associated with lipid peroxidation derivatives, which are able to induce various pathogenic intracellular signals involving calcium, G-proteins, cAMP, cGMP, phospholipase C and D, protein kinase C, ceramide, and MAP kinase cascade leading to cellular dysfunction (21) .
According to these pathways various pharmacologic agents have been evaluated to preserve renal morphology and function during renal injury caused by SWL. Verapamil, an organ-protective calcium antagonist is one of these agents. It has an excellent stabilizing effect on post ischemic malperfusion, and has been found to be benefi cial in this respect (22) . Nifedipine exhibits a protective effect on shock-wave-induced tubular damage similar to verapamil (23) . In a study from China the authors concluded that the preparation of traditional medicines for invigorating the kidney and excreting calculus may be of signifi cant benefi t in protecting the kidneys against SWL-induced morphological and functional injury. According to their results these preparations exert their effects by improving renal resistance to oxidative stress, ameliorating circulatory disorders, and interfering with local infl ammation (12) . Among these agents, PDE5 inhibitors currently in clinical use for erectile dysfunction have a protective effect on renal ischemia/reperfusion (I/R) injury (24, 25) . It is specifi c for the hydrolysis of cGMP (26) . cGMP plays an important role in regulation of intracellular calcium levels, increases the release of NO, induces vasodilatation and improves endothelial dysfunction in I/R injury (26) . They differ in their selectivity, effi cacy, side effects and pharmacokinetics data. Our results revealed that rats treated with tadalafi l, regardless of the day of the scarifi cation, have similar features with control group and signifi cantly improved fi ndings when compared to untreated groups in terms of all parameters of renal damage (microscopic fi ndings of tubular damage and peritubular fi brosis and HSP-70 staining). The independency of fi ndings on the day of sacrifi cation in the tadalafi l treated group may be attributed to the longer half life of the drug which needs to be confi rmed by comparative studies using other agents (27) . The half-lives of sildenafi l and vardenafi l are 4 h and that of tadalafi l is 17.5 h. These advanced features make this molecule a good option in the treatment of regulation of decreased vascular resistance and ischemia (28) . Although there are studies reporting protective effect of PDE5 inhibitors on renal I/R injury, this is the fi rst study investigating the protective effect of these agents in renal injury due to SWL treatment.
Conclusion
The results of our study have demonstrated that given as a single dose Td, prior to SWL decreases renal injury due to a vasoconstrictive effect. We obtained this result both by determining the damage in tubular cells with light microscopy and immunohistochemicaly by HSP70 staining. This promising preliminary study encourages further future clinical studies with a longer follow-up and including the comparison of various agents.
